Before the first laparoscopic hepatectomy (LH) was described in 1991, open hepatectomy (OH) was the only choice for surgical treatment of liver tumors. LH indications were initially based solely on tumor location, size, and type. Use of LH has spread rapidly worldwide because it reduces incision size. This review systematically assesses the current status of LH. As compared with OH, LH is significantly less complicated, requires shorter hospital stays, and results in less blood loss. The long-term survival rates of LH and OH are comparable. Development of new techniques and instruments will improve the conversion rate and reduce complications. Furthermore, development of surgical navigation will improve LH safety and efficacy. Laparoscopic major hepatectomy for HCC remains a challenging procedure and should only be performed by experienced surgeons. In the near future, a training system for young surgeons will become mandatory for standardization of LH, and LH will likely become better standardized and have broader applications. (J Nippon Med Sch 2019; 86: 201 206) 
Introduction
Before the first laparoscopic hepatectomy (LH) was de- 
Indications and History of Guidelines
In 1991, Reich et al. performed the first LH for benign tumors 1 . In Japan, LH was initially used for treatment of HCC by Hashizume et al. 3 in 1995 and Kaneko et al. 4 LH has been performed for HCC 6 8 , metastatic liver tumors 9,10 , hepatic cysts 11, 12 , and benign tumors 1, 13 . Only a few reports have described LH for intrahepatic cholangiocarcinoma 14 16 , so evaluation of its safety and utility is challenging.
Cherqui et al. 17 24 .
In 2017, the First European Guidelines Meeting on Laparoscopic Liver Surgery was held in Southampton, to present and validate clinical practice guidelines for LH.
The five sections of the guidelines (indications, patients and complex disease, procedures, technique, and implementation) were divided into subcategories 25 . These guidelines describe appropriate training for surgeons performing LH, which should only be performed by experienced staff.
Systems for Scoring Difficulty
Preoperative evaluation of LH difficulty is useful for selecting patients in relation to surgeon experience and skill level. The first difficulty scoring system for LH 26 included three difficulty levels based on five preoperative factors: tumor location, extent of hepatic resection, tumor size, tumor proximity to major vessels, and liver function. Using this system, surgeons could predict the difficulty of LH and intra-and postoperative outcomes. The system was validated by the Japanese Endoscopic Liver Surgery Study Group. Clinical and surgical data from 2199 patients who had undergone LH for hepatic tumors in Japan were analyzed, and the three difficulty levels were significantly associated with LH surgical outcomes 27 . However, the original system did not include segment 1 as a category for tumor location, conflated segments 4a and 4b, and did not include a category for hand-assisted laparoscopic surgery ( HALS ) and laparoscopic-assisted hepatectomy, known as hybrid hepatectomy.
In 2014, the original difficulty scoring system was revised, and the IWATE criteria were established at the Second International Consensus Conference on Laparoscopic Liver Resection, in Morioka, Japan 21, 22 . Tumor location, tumor size, liver function, extent of liver resection, proximity to major vessels, and hybrid hepatectomy/ HALS were combined in a single score in the IWATE criteria, which yielded four difficulty levels: low, intermediate, advanced, and expert. The IWATE criteria were validated by using clinical and surgical data from 1867 patients who had undergone LH for hepatic tumors in Ja- 
Laparoscopic Liver Resection Procedures
Preoperative examination of liver function is important in hepatic surgery, especially for elderly patients with HCC 30 32 . Use of three-dimensional reconstruction for preoperative simulation of intrahepatic vessels is necessary for safe LH 33, 34 . Laparoscopic ultrasound should be performed before liver transection and reveals tumor location, vascular anatomy, and the adequate incision line.
Various instruments are used in LH.
The patient is usually placed in supine position, but other positions can be used when required by tumor location or surgical procedure. After an umbilical incision, a trocar for the laparoscope is inserted. Most procedures require four trocars: at the bilateral abdomen, epigastrium, and right hypochondrium 35 . When resecting the superior region of the liver, intercostal or transthoracic trocars are occasionally inserted 36 . Single-site port LH has recently been introduced 37 39 , and current evidence indicates that the multi-port and single-port methods have comparable effectiveness and safety for treatment of liver disease 37 .
In difficult cases, HALS or hybrid hepatectomy is performed 40 44 . An international multicenter study reported that operation times and hospital stays were shorter for patients who underwent HALS or hybrid hepatectomy than for those who underwent pure LH 45 .
The Pringle maneuver is the traditional method of controlling intraoperative bleeding in hepatectomy. To avoid ischemia-reperfusion injury and hemodynamic change, occasionally selective inflow occlusion is performed during anatomical major liver resections 46 . In LH, hepatic inflow control is not a routine procedure, but preparation for the Pringle maneuver is necessary for safe LH. A low central venous pressure (<5 cm H2O) reduces intraoperative blood loss during liver resection 47 . Reducing airway pressure is also effective in reducing intraoperative blood loss 48 . In right posterior sectionectomy, the semiprone position lifts the right hepatic vein anterior to the vena cava and reduces bleeding 49 . In LH, pneumoperitoneum reduces bleeding from exposed vessels at the transected surface of the liver. Previously, pneumoperitoneum pressure in LH was kept high (12 to 18 mm Hg) to reduce back-bleeding. CO2 is soluble in human plasma 50 , but the incidence of gas embolism in major LH is 0.2%
51
. To reduce this risk, pneumoperitoneal pressure should be set to the minimum required to maintain a clear operative field (8 to 10 mm Hg) during LH.
Refinement of surgical instruments, operative techniques, and perioperative management has reduced the mortality rate for LH 52 58 . Stapleless LH was recently introduced 59 , and robotic liver resection enables more precise operations 60 . . The 3-and 5-year survival rates for LH were similar to those for OH 16 .
Outcomes of LH and OH

Conclusion
As compared with OH, LH resulted in significantly fewer complications, shorter hospital stays, and less blood loss 
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